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State of common benchmarks framework

ePIC had inherited benchmarks from Athena:
» https://eicweb.phy.anl.gov/EIC/benchmarks/detector_benchmarks
» https://eicweb.phy.anl.gov/EIC/benchmarks/physics_benchmarks
» https://eicweb.phy.anl.gov/EIC/benchmarks/reconstruction_benchmarks
Something to learn from!
» Running on the grid after each software change (Continious Integration)
» Transparent procedures – source code available
» Unfortunately, analysis and interface are unsophisticated
» Not friendly to deadline-driven development - no user adoption
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A use case: detector optimization
Example toy optimization for 2 objectives:
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Real improvement depends on having rigorous and robust benchmarks 3



Energy resolutions from a Fun4All reproduced in DD4hep
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ECCE Fun4All (no digi, nominal)
ECCE Fun4All (no digi, no carbon fiber)
ePIC 22.12.0 DD4hep (nominal)
ePIC 22.12.0 DD4hep (without carbon fiber and wedge box)

» Disabled SiPM statistics and removed 1 𝑚𝑚 carbon fiber around towers in Fun4All
» Removed a 0.25 𝑚𝑚 thin carbon fiber wrap and wedge walls in DD4hep
» Consistent gausian peak widths for electrons
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𝜋 rejection for SciGlass in ECCE calorimeter
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Figure 18: E/p distribution for electrons (blue) and charged pions (red) in the EEMC (right) and the BEMC (left). The E/p distribution is shown for two
different approaches where E/p is either calculated using the generated (true) particle momentum or the reconstructed tracking based (rec.) momentum. For both
distributions, the full ECCE detector has been simulated using its GEANT4 implementation.
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Figure 19: Fraction of neutral pions for which the showers from their decay
photons are merged into a single cluster and can not be reconstructed using an
invariant-mass-based approach for the different ECals.

are so striking that an accurate pion rejection factor is hard to
determine with the currently available single particle produc-
tion statistics and the reported values should be interpreted as
lower limits. A significant reduction of about an order of mag-
nitude in the π± rejection is observed for the εe = 95% based cut
for the FEMC and BEMC, which therefore stands in no reason-
able relation to the efficiency loss observed for the other E/p
cut values. This loss mainly arrises from the significant tails
observed for these two calorimeters in their current configura-
tion.

3.5.3. Hadron PID
Besides using an E/p cut to differentiate between electrons

and hadrons the shape of the shower and thus the cluster can be
used. The distribution of energy within a cluster is referred to
as “shower shape”, which is described using a parametrization
of the shower surface ellipse axes [14, 15]. The shower surface
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Figure 20: Pion rejection factor for the different ECals with E/p > 1−1.6σe/E
or based on a εe ≈ 95% cut.

is defined by the intersection of the cone containing the shower
with the front plane of the calorimeter. The energy distribution
along the η and ϕ directions is represented by a covariance ma-
trix with terms σϕϕ, σηη and σϕη, which are calculated using
logarithmic energy weights wi. The tower dependent weights
are expressed as:

wi = Maximum(0,w0 + ln(Ei/Ecluster)) (4)

and

wtot =
∑

i

wi, (5)

where w0 = 4.5 for the EEMC [16], which excludes towers with
energy smaller than 1.1% of the cluster energy. For the BEMC
and FEMC w0 = 4.0 and w0 = 3.5 are used, respectively, in
order to compensate for the different Moliere radii and tower
size. The covariance matrix terms can then be calculated as
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BECAL PID Study

Friday, June 17th, 2022 Machine Learning: Hall A/C Joint Meeting - William Phelps 34

A. Quiroga, W. Phelps, 
C. Fanelli, and J. Huang

• Higher pion rejection compared to conventional methods 
when considering high electron efficiency (~95%)

• Work is in progress (started on thanksgiving)
• Interface with ECCE software: reco-track, track 

projection, 7x7 calorimeter towers near track (track-
based clustering by AI) [Link to details]

• Many models tried: MLPs, CNNs, Multi-Input 
models, Autoencoders, GANs.

• Ongoing hyperparameter tuning on 14 GPU nodes

https://indico.jlab.org/event/546/
contributions/9980/attachments/7933/
11151/machine_learning_hall_ac_2022_
phelps.pdf
(was shown at 2nd EIC AI/ML Workshop)

Rejection at 𝜖 = 95% is given in red points
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State of the pion rejection study
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State of the pion rejection study
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Future steps

» Implement clustering for Sci-Glass
» Implement remaining benchmarks according to the charge
» Study Geant4 material simulation: 𝑋0, 𝜆int
» Implement realistic readout in EICrecon

• Optical statistics (contribution to the 1/𝐸 term)
» Porting Imaging/Sciglass analyses to the benchmarks infrastructure?
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Backup
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» Switch from ePIC geometry version from 22.11.1 to 22.12.0
» Enabled Birks effect correction (relevant for 𝜋 rejection)

10



Pion rejection: breakdown
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Resolution from the simulations
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https://indico.bnl.gov/event/17074/contributions/68207/attachments/43231/
72716/dd4hep_fun4all_cmp.pdf
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ECCE proposal
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Figure 2.19: The electron (left) and pion (right) energy resolution of the electromagnetic and hadronic calorimeters,
respectively, compared to the Yellow Report requirement (shaded/hashed area).
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Figure 2.20: (left) Pion rejection factor for the different ECals with E/p > 1− 1.6 σE/E and shower shape
cuts applied as a function of true and reconstructed momentum. (right) Fraction of neutral pions for which
the showers from their decay photons are merged into a single cluster and can not be reconstructed using an
invariant-mass-based approach for the different electromagnetic calorimeters.

2.5.2 Barrel EM Calorimeter (BEMC)

The barrel electromagnetic calorimeter (BEMC) is a projective homogeneous calorimeter based on an
inorganic scintillator material that produces the shower due to high Z components. This allows for a cost-
effective solution that provides excellent energy resolution and sufficient e/π rejection to achieve the EIC
physics, which can be seen in Fig. 2.20. Further improvements are expected by determining exactly the Birk’s
constant and using shower shape criteria to distinguish elongated hadronic and rounder electromagnetic
showers. The reference design of the BEMC is based on an array of approximately 9000 Scintillating Glass
(SciGlass) blocks of size 4 x 4 x 45.5 cm3, plus an additional 10cm of radial readout space. SciGlass has
an expected energy resolution of 2.5%/

√
E + 1.6% based on earlier measurements [19, 20], comparable to

PbWO4 for a significantly lower cost. The energy resolution of the BEMC is shown in red in Fig. 2.19 (left) in
its optimal acceptance (-1.4 < η << 1.1).

The development of SciGlass started with the generic detector R&D [27]. During this phase the team worked
in close contact with producers of SciGlass to establish robust QA protocols at all stages of production to
ensure the quality needed for the EIC. The validation of large-scale SciGlass production is now continued in
the ongoing project R&D (eRD105). An initial 40 cm SciGlass bar of high quality has been produced this Fall

22

https://doi.org/10.5281/zenodo.6537588
For a Gaussian peak (1 + erf(1.6/√2))/2 = 94.5% efficiency - that’s not how they’ve
defined, it’s more like (1 + erf(0.6/√2))/2 = 72.5%

2

https:
//indico.bnl.gov/event/17706/contributions/70849/attachments/44499/75685/
SHA256E-s5115227--974190a22dcbaa41b8860f33dc2db97d7f6d5980359db3a641c6b13994f6e489.
pdf
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Single particle event and clustering
No proper clustering for SciGlass in EICrecon or Juggler – adjacency using
decoded cellID is not implemented yet (see discussion on Mattermost).
A crude clustering was implemented by selecting an 𝑁 × 𝑁 region around the
leading tower.

Example 𝑒− events and corresponding 5 × 5 clusters

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

0 20 40 60 80 100 120
5 * sector + row

30

20

10

0

10

20

to
we

r

2 GeV single e- event

0 1 2 3 4 5
5 * sector + row

0

1

2

3

4

5

to
we

r

5x5 cluster

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

E d
ep

., 
Ge

V

19

Single particle event and clustering
No proper clustering for SciGlass in EICrecon or Juggler – adjacency using
decoded cellID is not implemented yet (see discussion on Mattermost).
A crude clustering was implemented by selecting an 𝑁 × 𝑁 region around the
leading tower.

Example 𝜋− events and corresponding 5 × 5 clusters
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https://indico.bnl.gov/event/17844/contributions/71396/attachments/44966/
75855/pi_rejection.pdf
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A beam-test simulation wasn't reproduced in DD4hep

Geant4 vs DD4Hep SciGlass 

https://indico.bnl.gov/event/17710/

» Simulation for 21x21 grid array
» A private Geant4 framework that is also used for beam-test simulation
» DD4hep simulation setup with EcalNegative geometry for SciGlass
» Here, a slightly different definition of the rejection factor is used: (TPR)/(FPR)
(instead of 1/(FPR)
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